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Radiation Basics

West Virginia

A Radiation comes from many sources

A Sunlight, cosmic, microwaves, internal, medical, terrestrial

A We are concerned with four main types of lonizing radiation - (has enough
energy interact with/change the atom of material it passes through)

A Alpha Particles
A Beta Particles
A Gamma/X -Rays

A Neutron Particles
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Alpha Particles

West Virginia

A High energy, high mass

Alpha Decay of a Uranium-238 nuclaus
A Causes particle to be stopped by Barent nucieus 9 iHe
a few inches of open air or thin | / emitted o partcle
. . . ) = Ky
material (shirt, dead skin cells, i i @ prolen
paper) zaﬂ.l;l event O neutron
o2 1
A Mainly dangerous if inhaled or o0 1

Ingested

A Uranium -238, Radium -226,
Americium -241
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Beta Particles

West Virginia

A High energy, low mass

A Can travel several feet in open air,
stopped by protective clothing, thin
plastic or metal

A Can cause burns on skin like a
severe sunburn

A Damage through inhalation and
Ingestion

A Lead -210, Strontium -90, Cesium -137
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Gamma and X -Ray

West Virginia

A High energy waves

A Travel at the speed of light, several

hundred meters o o
A Can be stopped/slowed by dense ' , —F | NN

. %
material such as lead and concrete '

Parent Daughter Gamma ray
(excited nuclear state)

A Extremely damaging to cells from
an acute dose

A Potasium -40, carbon -14, Cesium -
137, Cobalt -60
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Neutron Particles

West Virginia

A No energy particle, occurring

through atomic reaction J P e
(fission/fusion) @ product
A Can be stopped/slowed by
hydrogen -rich sources, such as noulon g+ @ =@
water or concrete target ﬁ fission
nucleus okt
A Reacts with other atoms to create J neutron

radioactive material

A Usually seen in Nuclear Reactors
and Nuclear Weapons
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" Exposure vs Contamination

A Exposure (Irradiation)

A Energy penetrates the body, with
an associated dose

A Contamination

A Radioactive material is attached
to the skin or clothing, ingested,
inhaled, enters through open

wound
A Typically particulates and

“Irradiation External Internal physical material
Contamination Contamination ) )
’ A Contamination does not equal

-

A Gamma/X -Rays

A Exposure does not mean someone
IS contaminated

exposure

A Exposure can occur if not
protected from contaminants
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Measuring Radiation & Impact on Health

West Virginia

A Biological Impact of Radiation is
measured in Roentgen Equivalent -
Effects of Radiation Levels on the Human Body
Man ( REM) Dose-rem Effects

5-20 Possible late effects; possible chromosomal damage.

A Negatlve |mpaCtS Of rad|at|on are 20-100 Temporary reduction in white bloed cells.
. 100-200 Mild radiation sickness within a few hours: vomiting, diarrhea, fatigue;
usua”y seen around 100+ REM N a reduction in resistance to infection.
. 200-200 Serious radiation sickness effects as in 100-200 rem and hemorrhage:
Shor‘t amou nt Of t|me exposure is a Lethal Dose to 10-35% of the population after 30 days (LD 10-
35/20).
. . 300-400 Serious radiation sickness; also marrow and intestine destruction; LD 50-
A This amount as a chronic dose 70/30.
) i 400-1000 Acute illness, early death: LD 60-95/30.
ma.y nOt have |mm€d|ate 1000-5000 Acute illness, early death in days; LD 100/10.

symptoms




== to radiation?

Sources of Radiation Exposure
Industrial < 0.1%

vr Consumer 2%

Terrestrial 3%
Medical Background

Occupational < 0.1%

Internal 5%

Space 5%

Computed Tomography 24%

Nuclear Medicine 12%

Interventional Fluoroscopy 7%

Conventional Radiography/Fluoroscopy 5%

How are we exposed

Radon & Thoron 37%

Average Annual Radiation Dose

Sources e
Thoron
Units
mrem (United States) 228 mrem 147 mrem 77 mrem 43 mrem 33 mrem 33 mrem 29 mrem 21 mrem
mSv (International) 2.28 mSv 1.47 mSv 0.77 mSv 0.43 mSv 0.33 mSv 0.33mSv 0.29 mSv 0.21 mSv

RELATIVE DOSES FROM RADIATION SOURCES

All doses from the National Council on Radiation Protection & Measurements, Report No. 160 (unless otherwise denoted)

millirems millisieverts
(mrem) (mSv)

Whole body CT 1,000 10

(single procedure)

1,000 mrem Upper
10msv gastrointestinal
X-ray
(single procedure)
Radon in average 600 mrem
U.S. home
(annual)
> 700 7.50
228 mrem
2.28 mSv
Head CT
(single procedure)
Cosmic radiation ‘ oyt
living in Denver 2 mSy
(high elevation)
(annual)
500 5.0 Mammogram
(single procedure)
From ICRP 2007
Cosmic radiation
living at sea level 42 mrem
(low elevation) 0.42 mSv
(annual)
Radiation in
the body
(annual)
Terrestrial 250 2.5
radioactivity 29 mrem
(annual) 0.29 mSv
21 mrem
0.21 mSv
Chest X-ray
(single procedure)
Living near a
nuclear power
station
(annual)
0 0

<1 mrem
<0.01 mSv
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Emergency Response Decisions

West Virginia

c EPA Guidelines for Control of Emergency Exposures .. ... 050000
A C an b € adj u Ste d by ag en Cy Dose Limit Activity Performed Condition
. Srem All
A D e pe n d sonres pO nse O p e ratl on 10 rem Protection of major property Where lower dose limit not practicable

25rem | Lifesaving or protection of large populations| Where lower dose limit not practicable

A M U St be p re | d e ntlfl ed an d =25 rem |Lifesaving or protection of large populations Gnlru?lr; :;glzr:ffgeb;i ::Ssti?nl?{fﬁe o;nel
understood to be effective

Gamma Dose Stay Time Table
. - . Rate Stay time to receive this dose
A Requires constant monitoring -
1 rem 5rem 10 rem 25 rem 100 rem
A |1 mR/hour o weeks 30 weeks 1 year - -
5 mR/hour 200 hours 6 weeks 12 weeks 30 weeks 2years
M ake sure to keep traCk Of tOtaI 100 mR/hour 10 hours 50 hours 100 hours 250 hours 6 weeks
2 1 R/hour 1 hour 5 hours 10 hours 25 hours 100 hours
dose and dose ratesa even If 10 R/hour 6 minutes 30 minutes 1 hour 2.5 hours 10 hours
100 R/hour 36 seconds 3 minutes 6 minutes 15 minutes 1 hour

responders have dosimeters
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Radiological Emergencies

West Virginia

A Nuclear Power

A Medical



e, 1@

West Virginia

Transportation

A Packaging specifically designed

to mitigate against
release/exposure

A Risk to responders and public

depend on type of material and

damage to package
AR1=.5 mREM hr
AR2=>5 850 mREM/ hr
A R-3 =>50 8 200 mREM/ hr

Activity is on outer package ( Bq/ Cu)

Tl is dose rate at 1 meter from package (

mREM/ hr).

RADIOACTIVE 1l

contents 123 e
activity 1.4 MBq (200 uCi),
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Nuclear Weapons A Long -term hazard, clean up

West Virginia

A Most likely from transportation
accident, rather than nuclear
detonation

A May be widespread
contamination

A Most injuries occur due to
blast/heat, rather than radiation




